Sequencing of pJIE512b, a 92.3-kb IncI1 sequence type 2 (ST2) plasmid carrying bla CMY-2 , revealed a bla CMY-2 context that appeared to have been mobilized from an IncA/C plasmid by the insertion sequence IS1294. A comparison with published plasmids suggests that bla CMY-2 has been mobilized from IncA/C to IncI1 plasmids more than once by IS1294-like elements. Alignment of pJIE512b with the only other available IncI1 ST2 plasmid revealed differences across the backbones, indicating variability within this sequence type.
average coverage) were assembled using SeqMan (DNASTAR, Madison, WI, USA) with PCR amplification (see Table S1 in the supplemental material) and Sanger sequencing to confirm contig boundaries. Analysis and annotation of the resulting sequence were performed using the RAST server (19) , BLASTn searches (http://blast .ncbi.nlm.nih.gov/Blast.cgi), ISfinder (https://www-is.biotoul.fr//), and the Gene Construction Kit program (Textco BioSoftware, Inc., USA).
Four contigs corresponded to components of the IncI1 shufflon. This multiple inversion system is responsible for generating variation in the C terminus of the PilV tip adhesin of the thin pilus, leading to differences in recipient cell specificity in liquid mating (20) . The shufflon contains up to four segments separated by seven inverted repeats, and a shufflon-specific recombinase (encoded by rci) catalyzes recombination between these repeats (20) . Sequencing of the amplicons obtained with primers in the rci and pilV genes flanking the shufflon (see Table S1 in the supplemental material) revealed mixed bases in this region, suggesting a population of plasmids harboring different arrangements. We assembled the four shufflon contigs according to the arrangement that appeared to be dominant.
The resulting 92,339-bp plasmid was similar in organization to other IncI1 plasmids, with a complete conjugal transfer region, including the traABCD gene cluster, thin pilus formation region pilI through pilV, traL through traY, and trb transfer regions, and DNAprocessing nikAB genes (21) . Genes involved in the inhibition of the bacterial SOS response (psiAB) and in plasmid addiction (pndCA) were also identified (16, 21) . pJIE512b harbored a 4,831-bp insert containing 161 bp of the right end of ISEcp1 and a 2,823-bp region of the C. freundii chromosome, including bla CMY-2 (Fig. 1c) . ISEcp1 was truncated by IS1294, and the C. freundii region was followed by a 159-bp fragment of IncA/C backbone. IS1294 transposes by a rolling-circle mechanism and can capture adjacent regions by inefficient replication through its termination site (terIS) to an alternative terIS look-alike sequence (22) . The IncA/C fragment in pJIE512b ends in GTTC, which matches the last 4 bp of terIS. This implies that IS1294 inserted into ISEcp1 in an IncA/C plasmid and subsequently mobilized the adjacent region, including bla CMY-2 plus 159 bp of the IncA/C backbone. An IncA/C plasmid such as pAR060302 (GenBank accession no. FJ621588) (23), which carries an intact ISEcp1, the 2,823-bp bla CMY-2 region, and IS1294, might be the source (Fig. 1b) .
A similar bla CMY-2 context was identified in five partially sequenced IncI1 plasmids isolated from E. coli in France, including pTN38148 (GenBank accession no. FM246883) (9) , and in a recently sequenced IncI1 ST2 plasmid from Denmark, pR7AC (KF434766). However, in these plasmids, an IS1294-like element, designated IS1294b here, truncates ISEcp1 at a different position, leaving a longer 372-bp fragment. The IncA/C fragment at the 3= end of the insert (1,395 bp) is also substantially longer than that in pJIE512b and again ends with the IS1294 terIS look-alike sequence GTTC (Fig. 1e) . IS1294b is ϳ95% identical to much of IS1294, but a 332-bp region that overlaps the start of the transposase gene is unrelated. IS1294b appears to be mobile, as it is found in at least eight different contexts in plasmid sequences in GenBank, including in IncA/C plasmids that also carry bla CMY-2 . One of these, e.g., pSH696_135 (GenBank accession no. JN983048; Fig. 1d ) (24) , may be the source of the insert transferred to pR7AC. An IS1294b-⌬ISEcp1-bla CMY-2 insert with the same 372 bp of ISEcp1 but a shorter (1,553-bp) C. freundii region and with no IncA/C fragment is present in the recently published IncFII plasmid pEQ011 (GenBank accession no. KF582523) (25) (Fig. 1f) . This insert ends in an imperfect terIS look-alike sequence (CTTG) and thus appears to have been mobilized by IS1294b from a pR7AC-like IncI1 plasmid or directly from the IncA/C progenitor, both of which have longer C. freundii regions.
In pJIE512b, the bla CMY-2 insertion is upstream from yafB (unknown function), and an adjacent deletion removed part of the cia (colicin) gene (Fig. 2) . In pR7AC, the insertion is downstream of yafB, a larger adjacent region is deleted, and cia is intact. Despite high homology across other regions of the backbones and identity at the pMLST target sites, a number of regions display Ͻ90% identity, including a short region encoding a single-stranded-DNA binding protein and several hypothetical proteins. An ϳ1.2-kb region of pJIE512b (at ϳkb 10.5 in Fig. 2 ) (unknown function) shows no similarity to pR7AC but displays 100% identity to two IncI1 ST19 plasmids (16) . These differences between the backbones and the different bla CMY-2 inserts reflect variability within pMLST ST2 and indicate, for at least this sequence type, that a more discriminatory plasmid typing method may be necessary for epidemiological purposes.
The novel bla CMY-2 context identified in this study, in addition to the contexts reported in the literature, suggests at least two separate mobilization events of bla CMY-2 from an IncA/C plasmid to an IncI1 plasmid mediated by an IS1294-like element. A recent paper also reported the ISEcp1-mediated transfer of a bla CMY-2 region that includes 4,276 bp of backbone from an IncA/C plasmid to an IncX1 plasmid during conjugation experiments (26) . These examples demonstrate movement of bla CMY-2 from a broad-host-range (IncA/C) plasmid to narrow-host-range (IncI1, IncF, IncX) plasmids that are more likely to be well adapted to their ecological niches (27) , shedding light on the possible pathways by which bla CMY-2 (and potentially other resistance genes) have been mobilized into E. coli.
Nucleotide sequence accession number. The complete nucleotide sequence of pJIE512b has been submitted to the European Nucleotide Archive (ENA) under the accession number HG970648. We are grateful to Justin Ellem for the initial isolation of pJIE512b and pMLST, Carola Venturini for technical advice, Hana Dobiasova for designing shufflon primers, Joey Lai for library preparation, and Grant HillCawthorne and Michael Roper for help with sequence assembly.
